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Abstract. Lead, cadmium and mercury have the capacity to acumulate and concentrate along 
the trophic chains. This leads to the registration of the most harmful effects in the consumers on top of 
the food chain, which most often are the human beings. Lead is among the major environmental 
pollutants in the county of Maramureş, with specific industry, precisely because of its cumulative 
character, with well known toxic effects. Industrial fallout in the Baia Mare area led to the pollution of 
the atmosphere, water, soil and vegetation, as a health risk factor of animals and animal products. 
Processed data were obtained from the DSVSA Maramureş and represent the quantities of metal 
residue (Pb. Zn. Cd. Cu.) in tissues, organs, meat products, fish, milk, honey and fodder. Samples 
came from processing units in the county of Maramureş. The total number of samples processed is 
299. The investigation concerning lead included several areas in the county: Baia Marea area, 
Ferneziu, Baia Sprie, Sighetu MarmaŃiei, Groşi, TăuŃii Magherăuşi. Lead, being among the major 
environmental pollutants, due to its cumulative effect, was determined in significant amounts in the 
analysed biological samples. This has repercussions on public health. In the areas Baia Mare, 
Ferneziu, TăuŃii Măgherăuşi were recorded exceeding of CMA, which confirms that lead is a major 
pollutant in these areas, compared to other regions considered unpolluted, such as area Sighetu 
MarmaŃiei. Copper was determined in quantities exceeding CMA only in muscular tissue samples 
from cattle, swine and poultry, while zinc limits have been exceeded only in milk samples. 
 




Areas with a high concentration of industrial establishments that produce and process 
ferrous and nonferrous metals, chemical plants or a major movement of motorized vehicles 
are characterized by chronic pollution of the environment with dust and gas tension ranging 
between 15-20 km, the limit may be exceeded due to factors favours. 
There is a wide range of metals that can be classified according to their role in our 
body as: metals with substantial role in physiological processes (for which the body has an 
increased tolerance: Na. Fe.), micronutrients (with limited tolerance in the body), metals for 
which was not determined a biological function (Olinescu R., et al., 1990) and whose 
presence, even in a low concentration is toxic, called xenobiotic substances (Pb, Cd, Hg). 
They possess the capacity of accumulation and concentration along the trophic chains 
inducing the most harmful effect on the consumer on top of the food chain, who often is the 
human being (Crivineanu V., et al., 1996). 
Lead is among the major environmental pollutants in the county of Maramureş 
precisely because of its cumulative character, with well-known toxic effects. Lead 
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concentrations increased worrying in the last decades. Lead is considered the number one 
pollutant in the group of xenobiotic substances, due to the number of intoxications in animals.  
Some metals, such as iron, zinc, copper, manganese, molybdenum and cobalt, are 
essential for human nutrition by taking part in the structure of enzymes and vitamins (Savu, 
1999). Also heavy metals can cause changes in the organoleptic characteristics, such as the 
emergence of abnormal color, formation of undesirable odors and printing metallic, astringent 
or stale taste (O'Flaherty EJ. 1993). Effects induced by heavy metals require strict monitoring 
of the levels at which they are present in food, in order to assess the degree of pollution and 
risks to health associated with consumption of meat products (Kucera E. et al., 1988). 
In Romania, the Regulation 975/1998 of Ministry of Health provides for certain 
products made from raw materials of animal origin, maximum allowed concentrations (CMA) 
of heavy metals, according to Table 1. 
 
Tab.1 
The maximum limits admissible of heavy metals in foods and raw materials used for their preparation and 
fabrication (mg/kg) 
 
Heavy metals (mg/kg) Foods 
Cd Pb Zn Cu 
Milk 0,01 0,1 5 0,5 
Powder milk 0,05 1,0 25 3,0 
Cheese 0,05 0,5 25 2,5 
Cheese fire 0,05 0,4 40 3,0 
Meat 0,1 0,5 50 3,0 
Pork, calf, chiken liver 0,5 1,0 50 3,0 
Pork, beef kidneys 2,0 1,0 50 3,0 
Fish 0,1 0,5 50 5,0 
Sausages, canned food and 
half prepared preserve of 
meat 
0,1 1,0 50 5,0 
Pickled fish in oil 0,1 1,0 50 6,0 
Salty smoked fish 0,05 1,0 50 1,5 
Eggs 0,05 0,25 20 3,0 
Butter 0,05 0,5 5 0,5 
 
European Directive 86/363/CE setting maximum residue limits, amended and 
supplemented by Directive 2008/17/CE of 19 February 2008. 
Given that the extraction and processing industry are among the main activities in 
Maramureş county this study's objective was to investigate the lead, zinc, cadmium and 
copper contamination of meat, offal, meat products, milk and fodder samples. 
Industrial fallout in the Baia Mare area led to the pollution of the atmosphere, water, 
soil and vegetation, as a health risk factor of animals and animal products. 
 
MATERIALS AND METHODS 
 
Processed samples were obtained from DSVSA Maramureş and represent the 
quantities of metal residue (Pb, Zn, Cd, Cu) in tissues, organs, meat products, fish, milk, 
honey and fodder. Samples came from processing units in the county of Maramureş. 
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The total number of samples processed is 299, of which: 16 samples of bovine muscle 
tissue, 43 samples muscle tissue of swine, 1 sample muscle tissue of sheep, 13 samples 
muscle tissue from poultry, 2 samples of sheep offal, 13 samples of bovine organs, 10 
samples of swine organs, 29 samples of meat products, 112 milk samples, 33 fish samples, 21 
fodder samples, 6 honey samples (Ghid nr.1965/2006). 
The investigations concerning lead included several locations in the county of 
Maramureş: 
• Baia Mare area, associated with the suburbs, considered highly polluted, being located 
in close proximity to the most important sources of pollution 
• Ferneziu area, perimeter where is located the most important source of lead pollution 
• Baia Sprie and related settlements, pollution from mines 
• Sighetu MarmaŃiei area, deemed to be unaffected by heavy metal polluters 
• Groşi area, with decantation ponds for cyanide 
• TăuŃii Măgherăuşi area 
 
RESULTS AND DISCUSSION 
 
The values presented are the results of analysis of samples of tissues, organs or other 
animal products, in the period 2002-2008. The data represent the concentrations (mg/kg) 
residues of copper, zinc, cadmium and lead. Lead was analyzed in different areas of the 




Fig. 1 The average values for Cd and Pb in swine muscle 
tissue (2008) 
Fig. 2 The average values for Cd and Pb in fodder 
(2007) 
 
Thus in 2008 (Fig. 1) we registered values below CMA (0.1mg/kg) in muscle tissue of 
swine, the maximum recorded was 0.015mg/kg. High values of copper (0.4mg/kg, CMA: 
0.5mg/kg) and zinc (4.1 mg/kg, CMA: 5mg/kg) were determined in milk samples. 
In 2007 (Fig. 2) the average value for lead was 2.9mg/kg with a maximum of 
8.46mg/kg and for cadmium was 0.17mg/kg with a maximum of 0.61 mg/kg in fodder 
samples. 
Between 2002 and 2004 (Fig. 3 and 4) we obtained high values for copper and zinc. 
Copper: in 2004, there was a maximum of 1.8mg/kg (bovine muscle tissue), 1.9mg/kg 
(swine muscle tissue), (CMA: 3mg/kg). in milk samples the maximum was 1.4mg/kg (CMA: 
0.5mg/kg). In 2003 the highest values were recorded for all samples of muscle tissue (2.2 
mg/kg). In 2002, there were the following values exceeding CMA: muscle tissue of cattle 
(2.3mg/kg), muscle tissue of swine (2.2mg/kg), muscle tissue of poultry (2.4mg/kg). In organ 




Fig. 3 The average values of Cu during 2002-2008 Fig. 4 The average values of Zn during 2002-2008 
 
Zinc: in 2004 were recorded maximum of 22.8mg/kg (muscle tissue of cattle), 
22.8mg/kg (muscle tissue of swine) and 28.5mg/kg (meat products), not exceeding CMA (50 
mg/kg). For milk samples the maximum recorded (15.8mg/kg) exceeds CMA (5mg/kg). In 
2003 there were no recorded exceedances of CMA, the maximum being recorded in milk 
samples (4.7mg/kg). In 2002 the highest value was recorded in muscle tissue of swine and 




Fig. 5 The average values of Pb in cattle from the Baia 
Mare area (2004-2006) 
Fig. 6 The average values of Pb in cattle from the 
Ferneziu area (2004-2006) 
 
In samples collected from the Baia Mare area (Fig. 5) the determined amount of lead 
in organs and tissues was generally exceeded, regardless of the age category of animals. Lead 
concentrations were 7.71 times higher than CMA in liver, 6.9 times higher in kidneys, 31.8 
times higher in muscle tissue and 25.4 times higher in fat tissue. Lead concentration in bone 
tissue was on average 162.8 times higher compared to CMA and in hair samples 1.3 times 
higher (CMA: 6mg/kg). It can be concluded that the organs and tissues derived from cattle 
slaughtered for public consumption in the Baia Mare area contain high amounts of lead, 
exceeding CMA. 
In samples collected from the Ferneziu area (Fig. 6) the amount of lead is exceeded in 
all organs and tissues. Lead concentration is 2.41 times higher than CMA in liver, 42.9 times 
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higher in muscle tissue and 9.38 times higher than CMA in the spleen. The most dramatic 
exceeding, of 1.49 times, was found in hair (8.6mg/kg, CMA 6 mg/kg). Products derived from 




Fig. 7 The average values of Pb in cattle from the Baia 
Sprie area (2004-2006) 
Fig. 8 The average values of Pb in cattle from the 
Sighetu Marmatiei area (2004-2006) 
 
In samples collected from the Baia Sprie area (Fig. 7) we also found that lead is a 
pollutant that exceeds CMA in the organs and tissues examined. Lead concentrations 
compared to CMA: 6.31 times higher in liver, 7.3 times higher in kidney, 25.9 times higher in 
muscle tissue, 12.2 times higher in fat tissue, 1.64 times higher in hair and 6.13 times higher 
in the spleen. Regarding lead concentration determined in the bone tissue (femur), values 
found were 641 times higher than the minimum reference value (0.01 mg/kg). The conclusion 
is that in the Baia Sprie area the main pollutant is represented by lead. Industrial pollution 
with lead and other metals is outlined by the accumulation in bone tissue. 
The concentration of lead detected in organs and tissues from cattle in the Sighetu 
MarmaŃiei area (Fig. 8), classified as unpolluted, are generally below CMA. The only 
exception is represented by the muscle tissue samples where the quantity of lead exceeds by 




Fig. 9 The average values of Pb in cattle from Gros area 
(2004-2006) 
Fig. 10 The average values of Pb in cattle from TauŃii 
Magheraus area (2004-2006) 
In samples of organs and tissues from cattle in Groşi area (Fig. 9) we observed a 
significant increase of lead concentration especially in bone and hair. Lead concentration was 
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1.12 times higher than CMA in hair and 376 times higher than CMA in bone tissue. In other 
samples concentrations of heavy metals do not exceed CMA. 
In samples taken from TăuŃii Măgerăuşi area (Fig. 10) CMA is usually exceeded in all 
organs and tissues examined. Lead concentrations are 4.3 times higher that CMA in liver, 3.3 




In the areas Baia Mare, Ferneziu, TăuŃii Măgherăuşi we recorded exceedances of the 
CMA, which confirms that in these areas lead is a major pollutant, compared to other regions 
considered unpolluted, such as area Sighetu MarmaŃiei. 
Lead, being among the major environmental pollutants, due to its cumulative effect, 
was determined in significant amounts in the analysed biological samples. This has 
repercussions on public health. Copper was determined in quantities exceeding CMA only in 
muscular tissue samples from cattle, swine and poultry, while zinc limits have been exceed 
only in milk samples. 
Organs with frequent high quantities of heavy metals registered were with 
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